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A wasp head with a relaxing bite 
Dale B Wigley 
The crystal structure of a 92 kDa fragment of the yeast 
type II topoisomerase reveals a toroidal structure with a 
large central cavity that is likely to be involved in the 
translocation of a DNA duplex during catalysis. 
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The first high resol ution structural information about 
type II topoisomerases was provided in 1991, with the 
publication of the structure of the ATPase domains of the 
B protein DNA gyrase [1). The structure provided evi-
dence for an ATP-operated gateway in the protein, which 
was suggested to playa role in the translocation of one 
DNA duplex through a double-stranded break in a 
second. In the case of DNA gyrase, the result of this 
translocation is the introduction of negative supercoils, 
whereas in the case of the closely related prokaryot ic 
topoisomerase IV and eukaryotic type II topoisomerases 
the result is relaxation of DNA. 
Light-hearted individuals may have noted a passing simi-
larity between the structure of the ATPase domains and 
the anatomy of an insect head (Fig. 1). However, the 
recent structure determination of a large fragment of the 
yeast type II topoisomerase (2) suggests that the ATPase 
domains may simply be the antennae of a much more fear-
some creature (Fig. 2). While some readers may fear that 
I have taken leave of my senses, this analogy is helpful 
for illustrating the likely roles of different regions of the 
molecule, as I shall outline below. 
The reaction catalysed by type II topoisomerases alters 
the superhelical state of DNA (effectively the degree of 
twisting of the DNA duplex) in steps of two superhelical 
turns per cycle of the reaction. Each reaction cycle also 
requires the binding and hydrolysis of two molecules of 
ATP, despite the fact that the relaxation of supercoiled 
DNA is energetically favourable. DNA gyrase is the only 
type II topoisomerase capable of coupling the free energy 
of ATP hydrolysis to drive the energetically unfavourable 
introduction of supercoils into DNA. The mechanisms of 
all type II enzymes are similar and involve cleavage of a 
DNA duplex which becomes covalently attached to a tyro-
sine residue on the protein during this process. The free 
ends of the duplex are then held apart by at least 20 A 
while a second DNA duplex is passed through the break. 
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Figure 1 
Crystal structure of the 43 kDa N-terminal fragment dimer (ATPase 
domains) of the DNA gyrase B protein. 
Finally, the break is resealed to complete one cycle of the 
reaction. It is evident that some very large conformational 
changes must take place to allow the protein to undertake 
this complicated task. Over the years, there have been a 
variety of models to describe this process, but more 
recently the debate has focused on the so-called 'one-gate' 
and 'two-gate' models. In the first case, the DNA enters 
the protein through the broken duplex (or 'gate') and then 
leaves via the same gate. The problem with this model is 
that, in order to accomplish relaxation (or supercoiling), it 
requires some sort of rearrangement of the DNA to take 
place while the trans locating strand is retained within the 
protein. This problem is overcome by the 'two-gate' 
model which proposes that the translocated strand enters 
the protein via one gate but leaves via another. On the 
face of it, the two models differ sufficiently to enable bio-
chemical experiments to distinguish between them, but in 
reality this has proved to be extraordinarily difficult. The 
existence of an ATP-operated gateway was indicated ini-
tially by the crystal structure of the ATPase domains of 
the DNA gyrase B protein [1). Later experiments con-
firmed the existence of this first gate [3-5) and also hinted 
at the existence of a second gate (5) . The final proof for 




Crystal structure of the 92 kDa fragment of yeast topoisomerase II. The 
A' domains comprise the 'eyes' and 'mandibles', and the B' domains 
are the 'head' region between the 'eyes'. The A' and B' domain 
nomenclature corresponds to homology with the DNA gyrase A and B 
proteins, respectively. The positions, inferred in [2], of the ATPase 
domains ('antennae') are shown for reference. 
the second gate has resulted recently from the crystal 
structure of a fragment of the yeast type II enzyme [2] and 
further (as yet unpublished) biochemical experiments 
referred to therein. 
Alignment of the yeast topoisomerase II amino acid 
sequence with those of the DNA gyrase A and B proteins 
reveals a high degree of homology, such that the yeast 
enzyme is effectively a fusion of the gyrase B protein fol -
lowed by the A protein. The topoisomerase IV ParC and 
ParE subunits are homologous with the gyrase A and B 
subunits, respectively. The ATPase domain of the yeast 
enzyme is contained within the N-terminal region of the 
protein. The recent structure determination [2] corre-
sponds to a fragment of the yeast enzyme that is missing 
this ATPase domain and also the dispensable C-terminal 
region of the protein. Consequently, this fragment does 
not have topoisome rase activi ty. T he fragment has a 
Figure 3 
Crystal structure of the yeast 90 kDa topoisomerase II fragment dimer. 
The monomers are coloured differently to highlight the dimer contacts. 
multidomain structure with subdomains that have been 
named B' and A' (Fig. 2), as a result of the homology 
between B' and the C-terminal region of the gyrase B 
protein and between A' and the N-terminal region of 
gyrase A. T he fragment forms a stable dimer with dimer 
contacts at the B'- B' and A'- A' interfaces (Fig. 3). The 
most striking feature of the structure of the dimer is a 
huge hole at its centre which is unlikely to be an accident 
of Nature. In fact, it seems certain that this hole is the 
very heart of the. topoisomerase reaction. On the basis of 
the structural and biochemical evidence currently avail-
able, Berger et al. [2] propose a mechanism for the enzyme 
(Fig. 4), which I shall now describe, but with reference to 
the wasp head analogy I alluded to above. 
At the start of the reaction, the enzyme is in an open state 
with the ATPase domains (antennae) separated. The 
DNA duplex that is to become cleaved can then enter the 
protein complex through the open gateway and bind to 
the active site region across the eyes and head of the mol-
ecule. DNA binding is probably sensed by the ATPase 
domains, in some way, as the ATPase activity is enhanced 
in the presence of DNA [6]. ATP binds to the ATPase 
domains, which stabilises the closed form of the first gate 
and, in doi ng so, captures a second DNA duplex which is 
the one to be translocated through the protein. A break in 
the cleaved duplex is also opened up to allow translocation 
of the second duplex into the large cavity in the centre of 
the molecule. It is this conformation of the protein that 
the authors believe they have crystallised, although no 
DNA nor nucleotide is bound to the prote in in their 
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Figure 4 
Schematic diagram of the proposed reaction 
mechanism, adapted from [2], with 
permission. The ATPase, 8' and A'domains 
are denoted in yellow, red and cyan, 
respectively. The G-('Gate'} segment of DNA 
binds to the molecule first followed by the 
T-(translocated} segment. 
.Ii'f:=~.[) G-segment T-segment 
crystal structure. Once the translocated duplex is within 
the protein it waits until the mandibles of the molecule 
open up and spit the duplex from the interior of the 
enzyme. These mandibles are the second gateway 
through the protein that has been the subject of the 
debate in recent years. Berger et al. [2], refer cryptically to 
experiments in which a mutant molecule with 'lockjaw' 
(where cysteine residues have been introduced on each 
side of the mandibles and then cross-linked) is unable to 
catalyse relaxation of the DNA. Treatment of the lockjaw 
with dithiothreitol (OTT), to break the disulphide 
linkage, cures the mutant enzyme and allows it to catalyse 
relaxation. Together with the crystal structure, these data 
establish the existence of the second gateway. 
Although this mechanism is undoubtedly close to the 
truth, there are a number of areas that are difficult to rec-
oncile with biochemical data. In the structure of Berger 
et al., [2] which was crystallised in the absence of ATP, the 
B'- B' interface is an essential feature of the proposed 
mechanism, yet it is known that the gyrase B proteins and 
topoisomerase IV E proteins form dimers only in the pres-
ence of ATP or ADPNP. The contact surface between the 
B' domains appears to be considerably larger than either 
the A'-A' or the B'- A' interfaces (Fig. 3). Previous experi-
mental data have shown that the A' - A' interface is very 
stable as there is essentially no exchange of A subunits 
between dimers in solution [7]. Similarly, the A'- B' inter-
face must be stable as both gyrase and topoisomerase IV 
form stable A2B2 and C2E2 complexes, respectively [8,9]. 
ATP ~ 
~ 
Consequently, it is difficult to rationalise why the smaller 
A'-A' and A'- B' interfaces, should be so much more stable 
than the large B'- B' interface, in solution. A second 
problem arises, as the cavity that runs between the 
ATPase domains plays no role in the proposed mechanism 
and no reason is given to explain the unusual shape and 
charge distribution of this part of the protein. Indeed, 
there is not an obvious role for the binding and hydrolysis 
of ATP in the proposed mechanism; the structure of the 
fragment suggests that the B' domains can form a stable 
interface in the absence of nucleotide. More importantly, 
the arrangement of the ATPase domains relative to the 
yeast structure, proposed in [2], is not consistent with the 
images obtained by from electron microscopy of gyrase 
A and B proteins or intact A2B2 complexes [10,11]; it is 
also not compatible with the crystal structures of intact 
gyrase B protein dimers and intact topoisomerase IV 
parE subunit dimers that have been obtained recently 
(HS Subramanya, FTF Tsai and DBW, unpublished data). 
Consequently, there is room for some modification of the 
proposed mechanism. Because of the inherent problems 
of working with fragments of proteins, it is likely that 
these problems will only be resolved when a high resolu-
tion crystal structure of an intact type II topoisomerase 
becomes available, and we can look forward to that time. 
In times where ' nanotechnology' has become fashionable, 
the structure discussed here is yet another example that 
Nature, as usual, is already several steps ahead of us in the 
design of molecular machines. Although the structural 
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information that we have to date is providing fascinating 
clues about the mechanisms of these remarkable enzymes, 
it is clear that we still do not have the whole story. 
One thing is for sure though, we will not have to wait 
long before we have more answers (and probably more 
questions) about these enzymes. 
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